In crystallization, nanoparticle aggregation often leads to the formation of orderly structures, even single crystals. Why can nanoparticles form orderly structures and what is the mechanism dominating their orderly aggregation? These questions raise interesting research problems, but the occurrences that could answer them often fail to be directly observed, since the interaction among particles is invisible. Here, we report an attempt to discover the interaction and aggregation of building blocks through a computer simulation, focusing on the shape effect of building blocks on the aggregation. Four types of silver building blocks were selected, each consisting of (100) and (111) facets, but the ratio of these two facets was different. It was found that the area of facets played an important role in selecting the aggregation mode. The facets with a large area and high energy had a high possibility of aggregation. In addition, the effects of solvent viscosity and temperature were also investigated. High viscosity and low temperature enhanced the orderliness of aggregation. This paper reports a detailed view of the aggregation process of silver nanoparticles, which is expected to be helpful in understanding the structure evolution of materials in nonclassical crystallization.
Introduction
The structures of particles determine their physical and chemical properties. Silver particles with various shapes, including spheres, rods, wires, dendrites and flowers, have been constructed and show diverse properties in the fields of catalysis [1, 2] , photonics [3] , and biology [4, 5] . Different approaches have been developed to synthesize silver particles with controllable morphologies, which include replacement reaction [6] , electrodeposition [7] , colloidal reduction [8] , seed-mediated growth [9] , and so on. Although there has already tremendous been progress in the synthesis of silver nanoparticles with designed sizes and shapes over the past few decades, the mechanism dominating the structure evolution is still at the infant stage [10, 11] . There is no doubt that a full understanding of the mechanism would enhance our ability to control and manipulate the structures of nanoparticles.
Among numerous crystallization processes, particles growth via the aggregation of primary building blocks (clusters, nuclei, small crystals, and so on) has been widely observed, which is named as nonclassical crystallization. In 1998, Penn and Banfield [12, 13] investigated the growth of titania nanocrystals under hydrothermal conditions through high-resolution transmission electron microscopy (HRTEM) and found that the crystal grew through oriented aggregation or oriented attachment (OA). Afterwards, adequate experimental observations confirmed the validity of the OA mechanism [14, 15] . In the OA growth process, nanoparticles (building blocks) with identical crystallographic orientations directly combine together to form larger ones. If the crystallographic orientations of two building blocks are not perfectly aligned, aggregation can still occur, but mismatch, such as twinning, or dislocations would be formed at the interface [16] . From the view of thermodynamics, the combination of building blocks eliminates the interfaces, and thus reduces the total energy, which is the primary driving force for particle aggregation [16, 17] . However, from the perspective of kinetics, the collision process also plays a significant role in the aggregation, because the building blocks have to approach and then contact each other prior to their alignment [18] . Therefore, the aggregation of particles is a complex process dominated by both thermodynamic and kinetic factors. A detailed investigation of the structure evolution in particle aggregation at the atom level is necessary to comprehensively understand the mechanism dominating nonclassical crystallization.
As the collision and bonding processes of particles is difficult to be directly observed via experimental methods [19] , molecular dynamics (MD) simulation is often employed to discover the growth of particles at the microscopic level and to furnish the details that are not experimentally accessible [20] . Rahm and Erhart [21] predicted the equilibrium shape of silver particles through Monte Carlo simulations and found that there were three particularly important structure motifs, that is, truncated octahedral (TOC), icosahedra (Ih), and decahedra (Dh). Baletto et al. [22] and Uppenbrink et al. [23] reported a similar conclusion that TOC, Ih, Dh, and cuboctahedron (Cub) are the common structures when they investigated the structural properties of silver particles. In addition to the shape of building blocks, the solvent could play an important role in the anisotropic growth of silver nanostructures [24] . Therefore, the effects of the shape of building blocks and the viscosity of solvents on the aggregation processes should be investigated.
In this paper, the aggregation processes of silver particles are studied via the molecular dynamics simulation method. The interactions between atoms are described through the embedded atom method (EAM) potential. Four types of building blocks with different shapes are constructed, each containing both (100) and (111) facets, but the ratio of these two facets is different for each type of building block. The effect of shapes of building blocks on the aggregation processes are investigated. In addition, the influence of the viscosity and temperature are also considered in the simulation.
Computational Models and Methods

Building Blocks
In this study, the well-known truncated octahedron and its derivations were chosen as building blocks in the simulation of aggregation processes of silver nanoparticles. The reduction of surface energy provides the driving force for the combination of building blocks. Thus, four structures were constructed by truncating the octahedron in different degrees. As shown in Figure 1 , the first one is a cuboctahedron and the other three are typical truncated octahedral (TOC) building blocks. For the convenience of discussion, these four building blocks are denoted as TOC1, TOC2, TOC3, and TOC4. Obviously, all TOCs contain 6 (100) facets and 8 (111) facets; only the relative area of the (111) and (100) facets (S (111) and S (100) ) is different. The ratio of the (111) facet area to the total surface area for the four types of TOCs is 0.366, 0.776, 0.882, and 0.927, respectively. crystallographic orientations directly combine together to form larger ones. If the crystallographic orientations of two building blocks are not perfectly aligned, aggregation can still occur, but mismatch, such as twinning, or dislocations would be formed at the interface [16] . From the view of thermodynamics, the combination of building blocks eliminates the interfaces, and thus reduces the total energy, which is the primary driving force for particle aggregation [16, 17] . However, from the perspective of kinetics, the collision process also plays a significant role in the aggregation, because the building blocks have to approach and then contact each other prior to their alignment [18] . Therefore, the aggregation of particles is a complex process dominated by both thermodynamic and kinetic factors. A detailed investigation of the structure evolution in particle aggregation at the atom level is necessary to comprehensively understand the mechanism dominating nonclassical crystallization.
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Building Blocks
In this study, the well-known truncated octahedron and its derivations were chosen as building blocks in the simulation of aggregation processes of silver nanoparticles. The reduction of surface energy provides the driving force for the combination of building blocks. Thus, four structures were constructed by truncating the octahedron in different degrees. As shown in Figure 1 , the first one is a cuboctahedron and the other three are typical truncated octahedral (TOC) building blocks. For the convenience of discussion, these four building blocks are denoted as TOC1, TOC2, TOC3, and TOC4. Obviously, all TOCs contain 6 (100) facets and 8 (111) facets; only the relative area of the (111) and (100) facets (S(111) and S(100)) is different. The ratio of the (111) facet area to the total surface area for the four types of TOCs is 0.366, 0.776, 0.882, and 0.927, respectively. 
Simulation Methods
Potentials
All the molecular dynamics simulations in this work were performed in the large-scale atomic/molecular massively parallel simulator (LAMMPS) [25] . The interaction between silver atoms were described through EAM potential, which has been used to simulate the growth mechanism for silver nanowire [26] , predict the mechanical properties of silver nanoparticle aggregates [27] , investigate the melting behavior of silver nanoparticles and their clusters [28] , and study the growth process of silver clusters from supersaturated vapor [29] . Generally, the EAM potential is formulated in the following forms:
where ρ i is the electron density at site i, F i is the energy required to place atom i into that electron density, and ϕ ij is the pair interaction between atoms i and j. The electron density at each site is computed from a superposition of atomic electron densities, so ρ a j (r) means the atomic electron density of atom j at a distance r from its nucleus. The values of those parameters used in this work are from Reference [30] .
Calculation Methods for the Surface Energy
The silver crystal has a face-centered cubic (FCC) structure and the length of its unit cell is 4.086 Å. The calculation of the surface energy γ of a specific facet was carried out using the following procedures: (1) Set up a larger simulation box, for example, containing 20 × 20 × 20 unit cells, using periodic boundary conditions, then filled it up with silver atoms and made sure the opposite facets were the same type; (2) minimized the system potential energy and output the energy value as E 0 ; (3) kept boundary conditions along two directions (for example, y axis and z axis) unchanged, but changed the third direction (along x axis) boundary condition to free surface; (4) minimized the system potential energy again and output the value as E final ; (5) calculated the surface energy γ (unit in mJ·m −2 ) of the facet along x direction according to the following equation:
where A 0 is the area of the facet surface along x direction. To better understand the shape effect of the building block shape on the aggregation process, this article focused on the accumulative surface energy E, which is calculated by the product of the surface energy and the real area of the facet, as shown in Equation (4):
where E is the accumulative surface energy (unit in mJ) and A is the real area of the specific facet on the building block.
Simulation Methods for the Aggregation Process
The aggregation processes of silver nanoparticles were simulated in solvents with various viscosities. In each simulation, silver building blocks were initially placed randomly in a cubic box with periodic boundary conditions. The solvent could greatly influence the movement of nanoparticles and, thus, the aggregation process. However, if solvent molecules were modeled with all atoms, it would be too difficult to carry out simulations with such a large computational scale. Moreover, the main purpose of our research is to investigate the aggregation process of nanoparticles rather than the configuration of solvent molecules. Therefore, the implicit solvent approach was adopted in our simulation, in which the solvent effects upon the nanoparticles were described by a combination of a frictional term and a random force term [31, 32] . The total force exerted on each nanoparticle has the form shown in Equation (5) . The frictional term means the drag force upon the nanoparticle. The random force keeps the system at a chosen temperature and mimics the collisions between nanoparticles and solvent molecules, as shown by Equations (6) and (7).
where F c is the conservation force computed via the usual inter-particle interactions, for example, EAM potential; F f is a frictional drag or viscous damping term proportional to the nanoparticle's velocity; and F r is a force due to solvent atoms randomly bumping onto the particle at the temperature T.
As derived from the fluctuation/dissipation theorem, the magnitude of F r is proportional to
as shown in Equation (7), where k B is the Boltzmann constant, m is the mass of the nanoparticle, d t is the time step size, and d damp is the damping factor. Here, random numbers Y are taken to randomize the direction and the magnitude of F r . D is the diffusion coefficient of nanoparticles, d is the diameter of nanoparticles, and η is the dynamic viscosity of the frictional solvent.
In order to count the proportion of each pair of combined surfaces in aggregation, 1000 building blocks were placed in the simulation box. The dimensions of these four building blocks are 16.3428 3 Å 3 , 16.3428 3 Å 3 , 24.5142 3 Å 3 , and 32.6856 3 Å 3 , respectively. Correspondingly, their simulation boxes are 400 3 Å 3 , 400 3 Å 3 , 530 3 Å 3 , and 660 3 Å 3 . Within the simulation box, a region with distances greater than 5 Å from the box boundaries was meshed into 13 × 13 × 13 grids. Then, these 1000 building blocks were randomly placed at the center of these grids to ensure that there is no interaction between them at the initial stage. The building blocks essentially retained their initial shapes throughout the runs, without any artificial restrictions. All simulations were carried out in the NVT ensemble; the time step was 5 fs and the total simulation time was 80 ns.
Calculation Methods for the Aggregation Mode
The aggregation mode refers to the combined facets of two building blocks, such as the combination of (111)-(111), which means that the (111) facet of one building block is combined with the (111) facet of another nanoparticle. To count the proportion of each aggregation mode in a statistical way, the atoms in each building block were classified into two groups: The atoms completely on the (111) facets were assigned to group (111), and the atoms completely on the (100) facet were attributed to group (100).
Then, the proportions of aggregation modes were counted as follows:
1. Calculated the distance between any two atoms which belonged to different building blocks. Once their distance was less than the critical distance 2.9 Å, which was set according to the nearest distance of silver crystal atom stacking 2.889 Å, the atom pair was considered to be in contact.
2.
If there were at least three atom pairs complying with the above distance criteria, two building blocks were aggregated, and then the aggregation mode could be determined. For example, the aggregation mode could be categorized as (111)-(111) or (100)-(100) if the atom pairs both belonged to the (111) group or (100) group. When one atom of the pair originated from the (111) group and the other one from the (100) group, the aggregation mode was defined as (111)-(100).
3.
After all atom pairs were counted, the proportion of a specific aggregation mode was calculated.
Results and Discussion
To disclose the influence of the building block shapes on the aggregation modes, we chose four types of building blocks and discovered their aggregation via computer simulations. These four types of building blocks belong to the same crystallographic family of truncated octahedrons. All the blocks contain the facets of (111) and (100), but the ratio of these two facets is different for each block, as described in Section 2.1. With the variation of their facet ratio, the shape of building block changes, which is expected to result in different aggregation modes, as shown in Figure 2 . The building blocks have three different aggregation modes, namely (111)- (111), (111)- (100), and (100)-(100) (111)- (111) or (100)-(100) if the atom pairs both belonged to the (111) group or (100) group. When one atom of the pair originated from the (111) group and the other one from the (100) group, the aggregation mode was defined as (111)-(100). 3. After all atom pairs were counted, the proportion of a specific aggregation mode was calculated.
To disclose the influence of the building block shapes on the aggregation modes, we chose four types of building blocks and discovered their aggregation via computer simulations. These four types of building blocks belong to the same crystallographic family of truncated octahedrons. All the blocks contain the facets of (111) and (100), but the ratio of these two facets is different for each block, as described in Section 2.1. With the variation of their facet ratio, the shape of building block changes, which is expected to result in different aggregation modes, as shown in Figure 2 . The building blocks have three different aggregation modes, namely (111)- (111), (111)- (100), and (100)-(100). A primary interest is to know, which path is their favorite way and why? A thousand building blocks were placed in the simulation box. The aggregation process of each type of building blocks was simulated in the same initial positions and every simulation lasted 80 ns. To ensure that 80 ns is long enough to capture the appreciable portions of the self-association process, the number of individual particles with the function of time was plotted, as shown in Figure 3 . It was found that there are few unbound building blocks after 80 ns. A thousand building blocks were placed in the simulation box. The aggregation process of each type of building blocks was simulated in the same initial positions and every simulation lasted 80 ns. To ensure that 80 ns is long enough to capture the appreciable portions of the self-association process, the number of individual particles with the function of time was plotted, as shown in Figure 3 . It was found that there are few unbound building blocks after 80 ns. For every building block, the aggregation simulations were conducted four times with different initial thermal velocity distributions, but at the same temperature of 298 K. Then, the aggregation mode was analyzed by counting the connecting facets. To clearly show the change of aggregation modes with the shapes of building blocks, the average proportion of each aggregation mode derived from the four runs is plotted in Figure 4 . For building block TOC1, the aggregation mode (100)-(100) takes up 92.53%, while the other two modes are less than 8% combined. For the TOC4 with a higher ratio of (111) facet, the aggregation mode (111)-(111) increases to 66.02%, while the aggregation mode (100)-(100) decreases to 8.57%. Therefore, the shape of building blocks remarkably influences the aggregation mode. To reveal the details of aggregation process, the aggregation of TOC2 was snapshotted, as shown in Figure 5 . When two blocks approach, the protuberances firstly get in touch. The protuberant position includes a vertex, an edge, and a narrow facet. These protuberances have advantages as contacting points because they are prominent, as well as because they have more unsaturated bonds and higher surface energy. When two blocks got in touch, they firstly formed a For every building block, the aggregation simulations were conducted four times with different initial thermal velocity distributions, but at the same temperature of 298 K. Then, the aggregation mode was analyzed by counting the connecting facets. To clearly show the change of aggregation modes with the shapes of building blocks, the average proportion of each aggregation mode derived from the four runs is plotted in Figure 4 . For building block TOC1, the aggregation mode (100)-(100) takes up 92.53%, while the other two modes are less than 8% combined. For the TOC4 with a higher ratio of (111) facet, the aggregation mode (111)-(111) increases to 66.02%, while the aggregation mode (100)-(100) decreases to 8.57%. Therefore, the shape of building blocks remarkably influences the aggregation mode. For every building block, the aggregation simulations were conducted four times with different initial thermal velocity distributions, but at the same temperature of 298 K. Then, the aggregation mode was analyzed by counting the connecting facets. To clearly show the change of aggregation modes with the shapes of building blocks, the average proportion of each aggregation mode derived from the four runs is plotted in Figure 4 . For building block TOC1, the aggregation mode (100)-(100) takes up 92.53%, while the other two modes are less than 8% combined. For the TOC4 with a higher ratio of (111) facet, the aggregation mode (111)-(111) increases to 66.02%, while the aggregation mode (100)-(100) decreases to 8.57%. Therefore, the shape of building blocks remarkably influences the aggregation mode. To reveal the details of aggregation process, the aggregation of TOC2 was snapshotted, as shown in Figure 5 . When two blocks approach, the protuberances firstly get in touch. The protuberant position includes a vertex, an edge, and a narrow facet. These protuberances have advantages as contacting points because they are prominent, as well as because they have more unsaturated bonds and higher surface energy. When two blocks got in touch, they firstly formed a To reveal the details of aggregation process, the aggregation of TOC2 was snapshotted, as shown in Figure 5 . When two blocks approach, the protuberances firstly get in touch. The protuberant position includes a vertex, an edge, and a narrow facet. These protuberances have advantages as contacting points because they are prominent, as well as because they have more unsaturated bonds and higher surface energy. When two blocks got in touch, they firstly formed a 'hinge', followed by a slight orientation before a stable surface connection. When the rotation stopped, the facets from different blocks aggregated together. Additionally, the diffusion of surface atoms was sometimes observed to fusion the aggregate, which enhanced the stability of aggregates. 'hinge', followed by a slight orientation before a stable surface connection. When the rotation stopped, the facets from different blocks aggregated together. Additionally, the diffusion of surface atoms was sometimes observed to fusion the aggregate, which enhanced the stability of aggregates. To find out why the aggregation mode depends on the shape of building blocks, we analyzed the change of accumulative surface energy E before and after aggregation. We firstly calculated the surface energy of each facet using the approach described in Section 2.2.2. The calculated surface energy per unit area of three low-index facets is γ(111) = 623 mJ·m −2 , γ(100) = 701 mJ·m −2 , and γ(110) = 763 mJ·m −2 , respectively. They agree well with the reported results [30, 33] that (110) the facet has the highest surface energy per unit area while the (111) has the lowest value. However, the surface energy per unit area is just used to demonstrate the thermodynamic stability of each facet and the area of each facet also contributes to the total reduction of energy, which was usually ignored in previous studies [12] . The effective reduction of energy should be the product of surface energy per unit area with surface area. Thus, we calculated the accumulative surface energy E of (111) and (100) for each type of building blocks in this work, and the results are listed in Table 1 . When the facet area is considered in calculating the reduction of accumulative surface energy, the facet energy ratio between (111) and (100) increases from 0.385 to 8.466 for TOC1 to TOC4. Thus, the (111)-(111) aggregation mode is more and more thermodynamically favored due to the increase of the (111) facet area resulting from the shape variation. To quantify the energy reduction of each aggregation mode in the aggregation, two building blocks were placed at a series of certain distances and the potential energy was calculated at each To find out why the aggregation mode depends on the shape of building blocks, we analyzed the change of accumulative surface energy E before and after aggregation. We firstly calculated the surface energy of each facet using the approach described in Section 2.2.2. The calculated surface energy per unit area of three low-index facets is γ (111) = 623 mJ·m −2 , γ (100) = 701 mJ·m −2 , and γ (110) = 763 mJ·m −2 , respectively. They agree well with the reported results [30, 33] that (110) the facet has the highest surface energy per unit area while the (111) has the lowest value. However, the surface energy per unit area is just used to demonstrate the thermodynamic stability of each facet and the area of each facet also contributes to the total reduction of energy, which was usually ignored in previous studies [12] . The effective reduction of energy should be the product of surface energy per unit area with surface area. Thus, we calculated the accumulative surface energy E of (111) and (100) for each type of building blocks in this work, and the results are listed in Table 1 . When the facet area is considered in calculating the reduction of accumulative surface energy, the facet energy ratio between (111) and (100) increases from 0.385 to 8.466 for TOC1 to TOC4. Thus, the (111)-(111) aggregation mode is more and more thermodynamically favored due to the increase of the (111) facet area resulting from the shape variation. To quantify the energy reduction of each aggregation mode in the aggregation, two building blocks were placed at a series of certain distances and the potential energy was calculated at each distance. When their connected facets were aligned perfectly, the maximal reduction of potential energy could be obtained [34] . Taking two TOC2 as an example, the reduction of potential energy at different aggregation modes was calculated. The reduction of interactional energy was plotted as a function of the distance between facets of two building blocks, as shown in Figure 6 . The reduction of potential energies of aggregation modes (111)- (111) and (100)-(100) reaches its minimal values at the distance around 2.8-2.9 Å, which indicates that the combination of two building blocks occurs at this distance. All three aggregation modes cause a reduction of potential energy, but the degree of reduction is different. The aggregation path along the <111> orientation by sharing the (111) facet resulted in the maximum reduction of energy owing to its largest area. Consequently, the aggregation along this direction is thermodynamically favored, which confirms that the facet area plays an indispensable role when the facet energy is considered. distance. When their connected facets were aligned perfectly, the maximal reduction of potential energy could be obtained [34] . Taking two TOC2 as an example, the reduction of potential energy at different aggregation modes was calculated. The reduction of interactional energy was plotted as a function of the distance between facets of two building blocks, as shown in Figure 6 . The reduction of potential energies of aggregation modes (111)- (111) and (100)-(100) reaches its minimal values at the distance around 2.8-2.9 Å, which indicates that the combination of two building blocks occurs at this distance. All three aggregation modes cause a reduction of potential energy, but the degree of reduction is different. The aggregation path along the <111> orientation by sharing the (111) facet resulted in the maximum reduction of energy owing to its largest area. Consequently, the aggregation along this direction is thermodynamically favored, which confirms that the facet area plays an indispensable role when the facet energy is considered. The collision of particles is dominated by their dynamics in the solvent. We performed simulations in solvents with different viscosities, since the previous study suggested that the diffusion had a great effect on the structure evolution of materials [35] . Four viscosities of solvents were used, namely 9 × 10 −3 , 0.9 × 10 −3 (above results at this viscosity), 0.09 × 10 −3 , and 0.009 × 10 −3 Pa·s. For the convenience of discussion, the aggregation of TOC2 was still used as the target process. The simulation results are shown in Figure 7 . Since the rise of viscosity slows down the diffusivity of building blocks, the frequency of collision of building blocks decreases with the viscosity. With the increase of viscosity, the aggregation along the (111) facet is increased, since the energy reduction of the (111)-(111) aggregation mode is larger than that of the (100)-(100) mode. In the high viscosity, the building blocks have sufficient time to rotate and adjust themselves to settle down on the thermodynamically favored site (111) rather than the (100) facets to optimize the total energy minimization. Thus, the aggregation along the <111> direction increases with the increase of viscosity, as shown in Figure 6 . The collision of particles is dominated by their dynamics in the solvent. We performed simulations in solvents with different viscosities, since the previous study suggested that the diffusion had a great effect on the structure evolution of materials [35] . Four viscosities of solvents were used, namely 9 × 10 −3 , 0.9 × 10 −3 (above results at this viscosity), 0.09 × 10 −3 , and 0.009 × 10 −3 Pa·s. For the convenience of discussion, the aggregation of TOC2 was still used as the target process. The simulation results are shown in Figure 7 . Since the rise of viscosity slows down the diffusivity of building blocks, the frequency of collision of building blocks decreases with the viscosity. With the increase of viscosity, the aggregation along the (111) facet is increased, since the energy reduction of the (111)-(111) aggregation mode is larger than that of the (100)-(100) mode. In the high viscosity, the building blocks have sufficient time to rotate and adjust themselves to settle down on the thermodynamically favored site (111) rather than the (100) facets to optimize the total energy minimization. Thus, the aggregation along the <111> direction increases with the increase of viscosity, as shown in Figure 6 . To speed up the aggregation process, we further implemented a series of simulations under different temperatures. The effect of temperature on the aggregation mode is summarized in Figure  8 . The proportion of the aggregation mode on the (111) facets declines with the increase of temperatures. A high temperature causes a high collision frequency and then induces a more random combination of building blocks rather than following the energy minimization. The influence of temperature is quite similar to that of the solvent viscosity abatement, and both of them increase the collision frequency of blocks. A higher collision frequency leads to more random aggregation, while a lower collision frequency gives particles much more chance to form orderly aggregates. To speed up the aggregation process, we further implemented a series of simulations under different temperatures. The effect of temperature on the aggregation mode is summarized in Figure 8 . The proportion of the aggregation mode on the (111) facets declines with the increase of temperatures. A high temperature causes a high collision frequency and then induces a more random combination of building blocks rather than following the energy minimization. The influence of temperature is quite similar to that of the solvent viscosity abatement, and both of them increase the collision frequency of blocks. A higher collision frequency leads to more random aggregation, while a lower collision frequency gives particles much more chance to form orderly aggregates. To speed up the aggregation process, we further implemented a series of simulations under different temperatures. The effect of temperature on the aggregation mode is summarized in Figure  8 . The proportion of the aggregation mode on the (111) facets declines with the increase of temperatures. A high temperature causes a high collision frequency and then induces a more random combination of building blocks rather than following the energy minimization. The influence of temperature is quite similar to that of the solvent viscosity abatement, and both of them increase the collision frequency of blocks. A higher collision frequency leads to more random aggregation, while a lower collision frequency gives particles much more chance to form orderly aggregates. 
Conclusions
This paper investigated the shape effects of building blocks on their aggregation. Four types of building blocks were constructed. All of them belonged to the family of truncated octahedrons.
Each type of building block contains the facets of (100) and (111), but the ratio of these two facets is different. Molecular dynamics simulations were employed to investigate the aggregation process of each type of building blocks. It was found that the aggregation on the (100) facets was dominant when the building block had a larger (100) facet area than the (111) facet area. With the increase of the (111) facet area, the (100) facet area decreased, which led to the dominant aggregation on the (111) facets. These results indicated that the facet area played an important role in selecting the aggregation direction in crystallization. The increase of facet area enhanced the collision probability on such kinds of facets. These results indicated that the surface area should be considered in calculating the reduction of total surface energy in particle aggregation. In addition, the influence of solvent viscosity and temperature on the aggregation mode was investigated. Both the decrease of viscosity and the increase of temperature improved the diffusion of building blocks, which increased random aggregation. This paper shows a detail view of particle aggregation at the atomic level, which enables a better understanding of the growth of nanocrystals by aggregation and enhances our ability to control the structures of particle materials.
